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As someone who routinely confronts 
creationists of all stripes, where do 
you think this debate is headed? 
Oddly, those of us who study human 
evolution are not usually thought of 
as biologists within biology, and not 
usually thought of as paleontologists 
within paleontology. And I won’t even 
guess how most anthropologists view 
us these days... Maybe all of our various 
colleagues are just happier to have 
someone else deal with the tricky topic 
of human evolution. I have become 
convinced that the only way forward is 
to teach children about science, reason 
and critical thought. The children are 
the future. Given a decent education, 
they will learn that rational thought is 
the best way forward. Preachers will 
surely tell them that divine intervention 
might keep these large-brained bipedal 
primates from fouling their global nest. 
But it’s ever more obvious that even 
the most faithful technological primates 
need a good backup plan in case the 
deity thing doesn’t work out. 
You speak of educating children, 
what about higher education? Right 
now I’m alarmed by what is happening 
to public universities across this 
country. As a product and a current 
employee, it’s incumbent on me to 
speak out. It seems like Berkeley was 
last in the Rose Bowl when Ardipithecus 
was young. So why is my campus 
subsidizing intercollegiate athletics with 
academic funds, at the same time that 
we are cutting instruction, firing staff, 
furloughing faculty and contemplating 
‘mothballing’ century-old museums? 
How and why have we allowed the 
public university to drift into the private 
sector where new buildings are more 
important than students? Priorities need 
to be adjusted in times of economic 
duress. We need to be raising chairs of 
biology rather than hawking endowed 
stadium seats. Have our university 
administrators been mis-motivated 
by highly-paid coaches whose job it 
is to rouse ‘student athletes’ to aspire 
to bowl games and pro contracts, 
or by corporate advisors unfamiliar 
with the educational mission of a 
public university? We need to return 
the generation and transmission of 
knowledge to the forefront of our public 
universities. We cannot afford to do 
otherwise.
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For his version of the Canard a 
l’orange, Heston Blumenthal cooked 
the duck liver parfait in a bain-marie 
and, having moulded it into spheres 
in the freezer, coated it with gelatine 
to get the shape and appearance of 
orange skin. From roasted duck bones, 
Shiraz and spices, he produced a demi-
glace that he further concentrated 
in a speed-vac and shaped into 
small candies wrapped with edible 
cellophane. High-end molecular 
gastronomy of cooks like Blumenthal 
marks the pinnacle of the evolution 
of that human cultural practice that is 
cooking and that presumably began 
somewhere in Africa, eons ago, with 
charred pieces of meat or roots heated 
in the ground after a bush fire. In his 
recent book Catching Fire, Harvard 
anthropologist Richard Wrangham lays 
out his views on how the seemingly 
mundane activity of cooking may have 
shaped human evolution. 
Cooking and the use of fire are 
examples of human universals — traits 
shared by all humans, yet also exclusive 
to humans. Such traits are, by definition, 
of interest for answering that age-old 
question of ‘what makes us human?’. 
Many of the traditional answers to 
this question have a certain air of 
grandiosity about them: our ability to 
speak (and thus to ask such questions), 
our manual dexterity and abstract 
cognitive abilities, or our upright gait 
that lifts us above the crawling rest 
of creation have all been considered 
tokens of human superiority in one way 
or another. The use of fire is another 
human hallmark, so deeply engrained in 
our collective self-assessment that even 
hunter-gatherers, such as the Andaman 
islanders, would readily name it as the 
one feature distinguishing humans from 
other animals.
The real interest in these traits 
lies of course not so much in their 
marking human distinctiveness, but 
in the fact that they may represent 
key drivers of the evolution of our 
species. But their usefulness has been 
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Homo coquinusmixed. It is clear that many of these 
features are important, but just how 
their adaptive advantage — if there is 
any — may have played out remains 
unclear and often untested. Many of 
our human cognitive attributes, for 
instance, have suffered considerable 
narcissistic humiliation when in recent 
years it became clear that many other 
primates, and also some birds, show 
surprisingly sophisticated cognitive and 
tool- using skills. For other traits, such 
as language, it is tricky to pin down an 
exact, tangible adaptive value. For fire, 
however, the advantages are seemingly 
easy to narrate: once early humans 
could control, maintain, and eventually 
light fire, they could deter predators, 
keep themselves warm and they could 
cook their food, making it digestible, 
storable and free of infectious hazards. 
All of these notions are by no means 
new and have received considerable 
previous attention, also from cultural 
anthropologists, such as the late 
Claude Levi-Strauss. But the hypothesis 
Wrangham puts forward goes much 
further, stating that there is a clear, 
measurable advantage for cooking —  
an advantage so big that it has the 
potential to have radically transformed 
the course of human evolution. 
Your diet is your destiny
Wrangham’s principal idea is that 
early humans gained a selective 
advantage by cooking their food rather 
than eating it raw. This advantage, 
Wrangham argues, came from cooked 
food offering a better energy balance 
than raw food. Even though the 
impacts of cooking on nutrition have 
been studied surprisingly little, the 
evidence in favour of his argument is 
indeed impressive; in part, this has 
to do with the fact that Wrangham’s 
hypothesis deals with energy, a quality 
much more easily measurable than, 
say, correlates of cognitive changes. 
In its support, Wrangham even 
manages to draw on evidence from 
human ‘experiments’. Normally, such 
experiments that endanger a human 
subject’s nutrition by restricting them 
to only raw food would be unlikely to 
make it past the ethics committee. 
Thankfully, a considerable number 
of humans, known as raw-foodists, 
subject themselves voluntarily to such 
treatment. And indeed, humans on 
raw-food diets pretty much wither 
away. But, of course, humans are 
likely to be adapted to cooked food by 
now, so the lower energy yield might 
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However, this does not seem to be 
the case. Cooked food is generally 
more energy rich, independent of the 
digestive system it passes through, 
because animals that normally live 
off raw food also gain more energy 
from cooked food. One of the best 
model systems for studies of this kind 
is actually the python, because its 
sluggish pattern of existence allows 
for easy measures of resting metabolic 
rate. 
The extra energy in cooked food 
essentially comes from the way 
cooking makes calories — especially 
those in the guise of proteins and 
starch — more accessible. In a sense, 
cooking is equivalent to modern 
capitalism’s strategy of outsourcing. 
Much like a company outsources 
certain processes and the risks and 
costs associated with them to a third-
party contractor, the cooking human 
lets the fire do some of the work of the 
digestive system. This leads to more 
net energy being available for those 
who rely on cooked food, because 
more energy can be extracted from 
the food, and less energy is needed 
to digest it. It turns out that digestion 
is actually a rather energy-demanding 
task: some foods, such as raw celeriac, 
for instance, require more energy to 
digest than they can yield.
Once cooked foods became a 
major part of human diet, according to 
Wrangham, the better energy balance 
of ‘cooking humans’ had two striking 
consequences on the evolutionary 
trajectory of our bodies: first, much like 
when a company outsources part of its 
production it has no need for in-house 
staff any more, cooking food allowed 
for a significant reduction in the bodily 
human resources allocated to breaking 
down and digesting food. This 
meant that our jaws and guts could 
become significantly smaller. Now, 
that in itself would be a rather meagre 
transformation; being human is, after 
all, not so much about having a small 
jaw and a short gut. The real meat is of 
course in the human brain. Arguably, 
our super-sized brain is one of the key 
reasons for our success.
But, if a big brain is evolutionarily 
so very adaptive, how come so few 
species have arrived at it before 
us? Why, for instance, did our 
australopithecine ancestors exist 
for several million years without a 
marked increase in brain size? There is 
reason to believe that there are severe Posh nosh: Heston Blumenthal’s roast foie gras ‘benzaldehyde’, with almond fluid gel, cherry 
and chamomile, as served at the Fat Duck restaurant. Like art, or music, this type of highly 
evolved cooking is testimony to the sophistication of the human species, yet more basic ver-
sions of cooking may have considerably shaped human evolution in the first place. (Photo: 
Adam James/Alamy Images.)constraints to the evolution of big 
brains and that these constraints have 
to do with the large cost that brains 
pose onto a body‘s energy budget. 
At around 3% of the body mass, 
the resting human brain consumes 
about 20% of its energy. Thus, so 
Wrangham’s argument goes, it was 
only the energy surplus from cooked 
food that enabled the growth of a 
bigger, better brain. But, surprisingly, 
a human’s basal metabolic rate is 
not higher than one would expect 
for any other, small-brained mammal 
of that size. So, rather than taking 
in more energy altogether, humans 
must have evolved a way of allocating 
energy differently. And in fact, this is 
precisely what was posited 5 years 
ago in the so-called ‘expensive tissue’ 
hypothesis, of Leslie Aiello and Peter 
Wheeler. Aiello and Wheeler had found 
that, compared with other primates, 
the energy-expensive gastrointestinal 
tract of humans was reduced in 
size. This meant that more energy 
was available for the brain. What’s 
more, this correlation — small gut, big 
brain — holds in relative terms for other 
primate and even non-primate species, 
whose guts can vary considerably 
in size. This reduction in size was 
possible, Aiello and Wheeler argued, 
because early human ancestors at 
some point gained access to higher-
quality food, especially meat.That our penchant for meat had 
something to do with our evolutionary 
success is, again, an old idea. It 
was first comprehensively framed in 
the 960s as the ‘man-the-hunter’ 
hypothesis, which states that our 
ancestors’ hunting for meat, a 
prime source for protein, was key 
for the evolution of larger brains. 
This hypothesis is still in line with 
our self-image as the dominator of 
nature. Later, the image became 
somewhat less glorious when it was 
found that early hominids were likely 
to have predominantly scavenged 
carcasses. And indeed, the big jump 
in brain size at the transition from the 
Australopithecines to Homo habilis, 
correlates with evidence of meat 
carving from animal bones. 
Though an increase in meat in the 
diet is generally also associated with 
smaller guts in mammals, there are, 
according to Wrangham, numerous 
differences between the human 
digestive system and that of dedicated 
carnivores, which indicate that meat 
eating by itself cannot account for all 
the changes in human anatomy, both 
in terms of brains and guts. At the 
very least, Wrangham argues, starchy 
plant foods gathered by early humans 
must have contributed to the energy 
boost around 2.3 million years ago. 
And, even if the habilines did not cook, 
they may very well have used other, 
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resentative of cooking techniques used by early humans, the fact that men do the cooking here 
is highly unusual. As Richard Wrangham points out in his book, cooking is the most sex-biased 
of all human activities and still largely a female affair. (Photo: Alamy.)cold food- processing techniques — 
grinding, mashing, batting — that have 
a similar effect as cooking in terms of 
easing digestion. 
Cooking time
So when, then, did cooking start? One 
problem with answering this question 
is that direct evidence for cooking, 
archaeological traces of human 
use of fire, is relatively scarce until 
200,000–300,000 years ago, though 
there are some older sites, which are 
also the more heavily contested the 
older they get. This may well have to 
do with a trivial problem of preservation 
of ashes or coal in the ground. Thus, 
Wrangham is forced to rely on indirect 
evidence for cooking, evidence in the 
form of anatomical changes in humans 
that fit the predictions of cooked food 
being more energetically valuable and 
thus enabling a less elaborate chewing 
system and a enlarged thinking 
apparatus.
The one major transition in human 
evolution in the last 2 million years 
that befits such criteria is, according 
to Wrangham, that between Homo 
habilis and Homo erectus at around 
.8 million years ago. In many ways, 
even though they had increased brain 
size dramatically, the habilines were 
still very much ape-like: they stood 
small and had distinct features in their 
shoulder girdle that suggest a superior 
ability to climb. Homo erectus, in turn, stood taller, had his brain size increased 
by 40% and showed a number of 
skeletal changes that suggest that he 
was no longer an able climber. So it is 
Homo erectus that Wrangham identifies 
as the first cooking human. This makes 
sense in many ways, not least because 
Homo erectus became, as far as we 
know, the first truly global hominid 
and it is quite conceivable that the use 
of fire may have aided them both in 
invading colder climates, where artificial 
sources of heat would be welcome, as 
well as in tapping new food resources 
that may have become edible only 
after cooking. However, there is also a 
later anatomical transition that calls for 
an explanation, namely the transition 
from H. erectus to H. heidelbergensis 
at around 800,000 years ago; less 
dramatic, admittedly, but still adding 
perhaps another 25% in terms of brain 
volume, which according to Wrangham 
is the key benefit humans would have 
gained from a cooked diet. 
The problem with this indirect 
approach is that it rests on the 
assumption that indeed cooking — and 
not some other factor — caused 
these anatomical changes, which is 
itself of course a critical consequence 
of Wrangham’s theory. Therefore, 
independent and direct evidence for 
the use of fire would much strengthen 
the claim. So, as with many theories of 
human evolution, more fossils, in this 
case fossil fires, are needed.A large, entertaining chunk of 
Wrangham’s book is spent on the 
consequences of the advent of cooking, 
not only for the evolution of human 
bodies, but in more general terms for 
the evolution of our social life. Another 
of these ‘a-ha’ moments Wrangham 
gives his readers is when he notes 
that one of the key consequences of 
cooking was that it saved us chewing 
time, precious time that then, so he 
argues, could be used by men to 
engage in the time-consuming business 
of hunting. This in turn caused a sexual 
division of labour that is unusual among 
primates and essentially banished 
women to the hearth — cooking is 
indeed the most sex-biased of all 
human activities in cross-cultural 
comparisons. The division of labour 
that came from cooking made men 
and women dependent upon each 
other for obtaining food and in this, in 
Wrangham‘s view, lay the basis for the 
human pair bond. Indeed, food sharing, 
uncommon among primates, is a 
typical human practice (every man who 
regularly eats out with a woman knows 
what is being talked about). 
While these aspects of the book 
are interesting and illustrated with 
fascinating ethnographic examples, 
they might perhaps leave the reader 
slightly peckish for more clues as to 
what were the causes, rather than the 
consequences, of humans taking up 
cooking. In particular, what caused 
those first humans that may have 
accidentally come across cooked food 
to like it? Clearly, there must have been 
sensory preferences of some kind in 
place, and indeed, apes also prefer 
cooked food when offered a choice, 
probably because it reminds them of 
the softness of ripe nutritious fruit and, 
as one gorilla put it, it “tastes better”. In 
addition, humans had perhaps evolved 
a curiosity for anything remotely edible 
that made them want to try smouldered 
foods, simply because they could not 
afford to be picky. Perhaps it is the 
traces of this curiosity that in modern 
societies drive our striking appetite for 
a extremely diverse set of food items of 
which every well-stocked grocery store 
testifies. 
Given how well popularised the 
notion of fire driving human evolution 
is, is Wrangham‘s book then just a 
reheating of a rather old idea? After 
all, the crucial role of fire and thus, 
by extension, cooking in human 
evolution is so well known, it has 
become part of folk anthropology. 
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the hunting spider, Portia. Modern 
investigations, begun by Menzel, 
Erber and Heisenberg, suggest that 
the mushroom body is an important 
center for learning and memory. 
For example, fruit flies learn to 
associate a specific odor with an 
electric shock, much like Pavlov’s 
dogs learned that a bell signaled 
the arrival of dinner. Lesion studies, 
including a reversible, temporally 
precise block of mushroom body 
output using the impressive genetic 
techniques in Drosophila, showed 
that mushroom bodies are essential 
for this learning. 
What are the inputs and outputs 
of the mushroom body? In many 
insects, such as wasps and bees, 
inputs to the mushroom body come 
from several different sensory 
pathways, including smell, taste, 
vision and hearing. Output regions 
are less well defined, but one 
intriguing feature is that the axons 
of many mushroom body neurons 
bifurcate, sending one branch 
towards the midline while the other 
projects dorsally. Presumably 
this branching provides identical 
copies of mushroom body output 
to different sets of downstream 
neurons.
How are mushroom bodies  
made? One of the strangest things 
about mushroom bodies is their 
development. They are derived  
from four neuroblasts that  
continue to divide throughout much 
of the lifetime of the animal —  
in Drosophila from the larva until 
shortly before pupae hatch into 
adults. In some insect species, 
mushroom body neurogenesis 
even continues throughout 
adult life. During pupation, a 
fraction of Kenyon cells lose their 
dendrites and one of their axonal 
branches. Deprived of inputs, 
they subsequently re-grow a 
large dendritic tree, but remain 
mono-axonal. The reason for this 
pruning is completely unknown. 
Remarkably, despite the remodeling 
of roughly half the larval mushroom 
body neurons, memories formed 
in the larval stage can persist into 
adulthood.
Are mushroom bodies analogous 
to a particular area of the 
human brain? At different times 
The mushroom 
body
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What is a mushroom body? The 
mushroom body is a prominent 
and striking structure in the brain 
of several invertebrates, mainly 
arthropods. It is found in insects, 
scorpions, spiders, and even 
segmented worms. With its long 
stalk crowned with a cap of cell 
bodies, a GFP-labeled mushroom 
body certainly lives up to its name 
(Figure ). The mushroom body 
is composed of small neurons 
known as Kenyon cells, named 
after Frederick Kenyon, who first 
applied the Golgi staining technique 
to the insect brain. The honey bee 
brain, for instance, contains roughly 
75,000 neurons per mushroom 
body while the brain of the smaller 
fruit fly Drosophila melanogaster 
only possesses about 2,500. Kenyon 
cells thus make up 20% and 2%, 
respectively, of the total number 
of neurons in each insect’s brain. 
Kenyon cell bodies sit atop the 
calyx, a tangled zone of synapses 
representing the site of sensory 
input. Projecting away from the calyx 
is the stalk comprised of Kenyon cell 
axons carrying information away to 
the output lobes. 
How did mushroom body 
research start? In 850, Felix 
Dujardin showed that the size of the 
mushroom body was correlated with 
the complexity of social behavior in 
different species of bees. Dujardin 
suggested that mushroom bodies 
control aspects of insect behavior 
that are not just simple reflexes and 
even speculated that they might 
play a role in ‘free will’. Although 
few researchers have been bold 
enough to study free will in insects, 
it is certainly true that arthropods 
display a wide array of sophisticated 
behaviors: the bee waggle dance 
to communicate flower location, 
learning by observation in 
Drosophila, and elaborate forward-
planning and strategy formation by 
Quick guideOn the contrary. Wrangham’s book comes at a crucial time. Driven by 
technical accomplishments, the 
past years have seen huge interest 
in identifying genes whose adaptive 
changes underlie human evolution. 
This enterprise may have, to some 
extent, shifted the focus away from 
environmental and in particular cultural 
drivers of human evolution. Cooking 
is a key cultural practice of humans 
and it is Wrangham’s merit to identify 
the clear-cut biological consequences 
that may have followed in its wake. 
But, it is important to note that, in his 
view, clearly the cultural invention 
came before the biological adaptation. 
So, it was not a mutation in a gene 
that primarily conferred a particular 
advantage, and then was positively 
selected for, but a learned cultural 
technique that radically altered our 
interaction with the environment, in 
terms of the energy we take in. This 
changed the selective pressures and of 
course numerous genetic changes —  
affecting our jaws, teeth, guts and not 
least brains — will have ensued. 
Moreover, Wrangham’s hypothesis 
points the way to empirical testing of 
these ideas. So much has been made 
in recent years of looking for genetic 
changes underlying increases in 
brain size or in cognitive capabilities, 
in particular language. And, while of 
course the appeal in finding such genes 
remains and is by no means obliterated 
by the cooking-human hypothesis, they 
are inherently difficult to test in a test 
tube or a mouse model. Wrangham’s 
ideas, by contrast, pave the way for 
much more straightforward tests. 
Genes underlying changes in digestive 
system development and function 
that have been selected in humans, 
conceivably could be much more 
readily tested for physiological effects, 
simply because metabolism is so much 
easier to assess than cognitive skill. 
Despite its seemingly humble status 
among organ systems, the gut may 
prove a gold mine for finding some of 
the key adaptive changes that ‘made 
us human’. Of course, ultimately, what 
made humans cooks must be due 
to cognitive capabilities and thus be 
sought in our brains. It is, after all,  this 
complex interplay between culture 
and biology that makes studying and 
thinking about human evolution so 
uniquely fascinating. 
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